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(37) ABSTRACT

A memory control circuit includes an access storage unit
configured to store access requests for a memory, a status
management unit configured to, based on the access requests
stored 1n the access storage unit, perform priority access type
switching between two access types obtained by classiiying
the access requests, and an access selection unit configured
to select and execute an access request stored 1n the storage
umt. The access selection unit performs, i1t the priority
access type switching 1s 1 progress and there 1s time for
executing an access request of a priority access type belore
the priority access type switching, selecting the access
request of the priority access type before the priority access
type switching, and if the priority access type switching 1s
not 1 progress, selecting an access request of the priority
access type.

15 Claims, 10 Drawing Sheets

T SWITCHING NG
IN PROGRESS?

Yo

S304

7 accEss
" REQUEST AFTER ™
PRIORITY ACCESS

<~ PRIORITY ACCESS
~TYPE PRESENT?

8302

o accEss ™
-~ REQUEST OF ™ ves

=1 NO

. NO
o TYPE SWITCHING -~
“~. IS EXECUTABLE _~
. WITHOUT _~
~_ BELAY?

Py .
L]

YES _

EXECUTE ACCESS
 REQUEST OF PRIORITY
ACCESS TYPE

BN

 DONOT
| EXECUTE ACCESS



BINTT

ML TS
Seid Y H A b

US 11,756,593 B2

NOILOHTES
AAILOY
= - AHONEN
3 m
" L ANIWADYNYR
2 =~ SNLYLS MNVE |
Z =
X HM/OH
&
sl 251
=
&
LINDHID TOHLNOD
AHOWIW
!
(01

U.S. Patent

| SALVLS ALIHOM |

SRIH
LMNANAIYNY I

IO M M L)

LING NOLLOE13S |

ICENGED] ONISSIOOH
85355y

L5 4



U.S. Patent Sep. 12, 2023 Sheet 2 of 10 US 11,756,593 B2

< ACCESS REQUEST 1ES

&
LY L]
-]
‘* E g EEQ |
-3
L] L]
* o
L] -
I L
by I =
L]
L] L]
b *
L L
L] *
L] L
-‘l. . -
L] LJ
L] L

[ S G S DR NS S g A v

= "
iy ' -‘?
4

NO 7 TYPEQF X
ves o ACCESS BEQUEST ™S
=2 7 WITH HIGHEST PRIORITY IS ™
. THE SAME AS PRIORITY -
~. ACCESS TYPE? _~

L] L
L]
'1* b!-
& b
L]
) -
"I
L]
L
-.11
-
* %
T
“i
1
- r
e
L]
- ]
1

_~"PAGE MISS TIME > ™
<._ SWITCHING TIME? _~

5206 5205

)
u
L
¥ .
5
)
[ !
r
) L3
e -
¥ %
'I-"‘"a
-
(98"
I
L

- STORE PRIORITY | | - CHANGE PRIORITY - STORE PRIORITY

ACCESS TYPE - ACCESS TYPE TO TYPRE ACCESS TYPE
- SWITCHING NOT | | OF ACUESS HEQUESY - SWITCHING IN
N PROGRESS - WITH HIGHEST PRIORITY PROGRESS
- - SWITOHING NOT
- IN PROGRESS




U.S. Patent Sep. 12, 2023 Sheet 3 of 10 US 11,756,593 B2

T SWITCHING ™ NO
< INPROGRESS? __—~

" REQUEST OF ™\ vgs
PRIORITY ACCESS 152

» s
= L
= 4
. -

L
= [
ul [
a0 -

[

» ¥

=
“

k4
T
k|

N . S304

A~ ACCESS ) ‘

.~ REQUEST AFTER ™\

-~ PRIORITY ACCESS ™\ NO

. TYPE SWITCHING -~
. IS EXECUTABLE _~

~_ WITHOUT -~

~ DELAY?




]
o
e
7 m
S “ LSANDAH FINYNSE)
% ONYIHNOT M
= —
7 LEY (230D IONYNSS
< m ONYRIOD 1Y
m g
= o 183N0EH IONYNSS]
. m ONYIRINOD M
- :
=t m
3 giddy SYH
7 “_ 18300aH IONYNSSE
m ONYRINOD 10V
. v pHueg
. . LA A
5 . m SEIUDOMHD NI LON
~ SEIHOOH NI LON ONIHOLIMS SSIHDONA NI ONIHILIMS I SEIHE O
= . M L DNIHD LIS
s Lvper - by
LHEIHM WED _ %mmmmww@@
O 444 SSAHDOUd N 114
LON BNIHALIMS

U.S. Patent



US 11,756,593 B2

Sheet 5 of 10

Sep. 12, 2023

U.S. Patent

Fae= Fr TR NFFR W WA R TR e SrarR el R YRR el ‘el WIRR IR R TRERY PeERry IR Cr RCESE Y kil PR et R RN el FirRe. IR RIS e wWRR R IR Ikl Ficiee ik

e S e R R R I e i R o e i I S e e e T D o B T B B N R N A R R R i I e e e e e T o e T A o e e a3

LHOAM
0~

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111

4
x
3
3
£
3
§
%
£
£
4
L1
3
i
¥
-

b o

b
#
3
£
L
{

i e e St Mt R T B BN BT W W D R Fhad P WS B

B R R WM WMR R MR M M S T M RN R kLW
i N W R e e e AR SR A MY N RN L

s

LOS— ggaunoud N
LON SNIHSLIMG

19V — YOu LEG

ELY

L8aN0HE SONYNSS]
GNYRINGD MY

L53N0EHE SONYNSE
GNYRINGS LJY

L AUER

E
E
F
E
:
:
E
E
:
:
:
E
E
:
]
E
:
E
E

183ND3Y IONYNSSH
ONYAROD L0V

JRueH

.H SSIHOOHC NI LON
SOIHO0H M DNHOLIMS I SEIHBOHA

MEONIHALIAMS

AdAL B9aI0V
ALIHOIHG



US 11,756,593 B2

Sheet 6 of 10

Sep. 12, 2023

U.S. Patent

Fae= Fr TR NFFR W WA R TR e SrarR el R YRR el ‘el WIRR IR R TRERY PeERry IR Cr RCESE Y kil PR et R RN el FirRe. IR RIS e wWRR R IR Ikl Ficiee ik

e S e R R R A e e e e e T R I R A L A L T o e I e e T e T T B B e - N S R S e T T e e e e I T T e e A L R A B A R R e e I T - e e e )

LHOM
c0G—~

LoAN0Hd JUNYILS
GNYRINOD MY

L5300 SONYNSS
GNYRINGD LJY

L AUER

b o

F
#
7
£
L
{

i e e et Ml R R B BN BT W W o TR Fhad P WS B

LOY < YHM RA
183NDIY IONYASSE
ONYROD L5Y

JAuey

e R RN WM WTR R MR M M S BT R RN R kLW
e RN W R e e M R SR A MY N RN L

ey SSIHDOHA NI LON
I S3IHD0H
| NI DNIHOLIMS
JdAL SSI00Y
. _ ava _ A LIHOHd
HO9 soaunoud NI 4 /g
1ON BNIHOLIMS

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111



U.S. Patent Sep. 12, 2023 Sheet 7 of 10 US 11,756,593 B2

<& mcgss REQUEST YES
. STORED? -

L]
L} 'll'.
L] L]
Y
L L)
‘L
LY
=
&
L]
e
."-i
h
L ]
[y
Y

7 TYPEOF <
< WITH HIGHEST PRIORITY IS P!
. THE SAME As PRIORITY
~_ACCESS TYPE? _~

L]
» LY
L

[3

Iy

= -
-
~r
Ly

5704

NG . PRIORITY.
MO ACCESS TYPE TOY
_BE CHANGED?

L L
L] L
= "

L) L]

'.‘b l'.

TIME > “\YES

" PAGE MISS Ti
NG TIME? -

. SWITCH!

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

- o1 ORE PRE@RWY
- ALDESS TYPE
~SWH CHING IN
- PROGRESS

- STORE PRIORITY

. ACCESS TYPRE
- SWITCHING NOT |
. INPROGRESS S707

T CHANGE PRIORITY
. ACCESS TYPE TO TYPE

L OF ACCESS REQUEST

- WITH HIGHEST PRIORITY
- SWITOHING NOT .
L IN PROGHESS




U.S. Patent Sep. 12, 2023 Sheet 8 of 10 US 11,756,593 B2

" ACCESS REQUEST ™

WITH HIGHEST PRIORITY

‘ PRESENT IN BOTH |

.. READ AND WRIGHT -~
~. ACCESS TYPES? -

S FOR PAGE .
<7 MISS TIME, ACCESS OF ™
<~ PRIORITY ACCESS TYPE > ™

\ACCESS OF NOT PRIORITY ~
~  ACCESS TYPE? -

NO |

8802 YES | S804
DONOTCHANGE | | CHANGE PRIORITY |

PRIORITY ACCRSS TYPR ALLRESS TYPR




U.S. Patent Sep. 12, 2023 Sheet 9 of 10 US 11,756,593 B2

" ACCESS REQUEST ™.
WITH BIGHEST PRIORITY

., PRESENT IN BOTH ‘
~. READ AND WRIGHT -~

. ACCESS TYPES? .~

' ANY ONE OF
" NUMBER OF TRANSFERS, ™
.~ TRANSFER AMOUNT, mﬁ .
< NUMBER OF TRANSFER CYCLES O
. AFTER PRIORITY ACCESS TYPE _~
\SWITCHING > THRESHOLD -
n VALUE? .

o ..

5902 YES| 5904
DO NOT CHANGE CHANGE PRIORITY |

PRIQHRITY AULCESS TYPE ARELCESS TYPE




U.S. Patent Sep. 12, 2023 Sheet 10 of 10 US 11,756,593 B2

" ACCESS REQUEST ™

WITH HIGHEST PRIORITY

‘ PRESENT IN BOTH |

.. READ AND WRIGHT -~
~. ACCESS TYPES? -

" ELAPSED TINME AFTER
¢ PRIORITY ALLESS TYPE
o SWETQHW@ > THHESH{}L@ e

NO |

1002 YES|  S1004
DONOTCHANGE | | CHANGE PRIORITY |

PRIORITY ACCRSS TYPR ALLRESS TYPR




US 11,756,593 B2

1

MEMORY CONTROL CIRCUIT,
INFORMATION PROCESSING SYSTEM,
AND MEMORY CONTROL METHOD

BACKGROUND
Field of the Disclosure

The present disclosure relates to a memory control circuit,

an information processing system, and a memory control
method.

Description of the Related Art

A dynamic random access memory (DRAM) 1s typically
used as a main storage device of computer systems. With the
increase in functional and performance sophistication of
computer systems, performance requirements for the
DRAM are also increasing. Example factors of performance
degradation of the DRAM include a page miss and a
switching between a read operation and a write operation.
There have been proposed various techniques for preventing
such performance degradation of a memory control circuit.

For example, Japanese Patent Application Laid-Open No.
2017-54483 discusses a techmique for preventing perfor-
mance degradation caused by a switching between a read
operation and a write operation. The technique discussed 1n
Japanese Patent Application Laid-Open No. 2017-54483
prevents performance degradation by taking out all of access
requests of the priority access type (read or write access)
from a command queue and then performing the priority
access type switching.

At the time of the priority access type switching, a page
miss of the DRAM may prevent the execution of the access
request of the priority access type after the switching. While
an access request alter the switching cannot be executed, the
access request of the priority access type before the switch-

ing may be executable, possibly resulting in performance
degradation of the DRAM.

SUMMARY

Some embodiments of the present disclosure are directed
to preventing performance degradation of a memory by
suitably executing an access request for the memory at the
time of the priority access type switching.

According to an aspect of the present disclosure, a
memory control circuit includes a storage unit configured to
store at least one access request for a memory, a first status
management umt configured to, based on access requests
stored 1n the storage unit, perform priority access type
switching between two access types obtained by classifying
the access requests, and an access selection unit configured
to select and execute an access request stored 1n the storage
unit. The access selection unit performs, i1f the priority
access type switching 1s 1 progress and there 1s time for
executing an access request of a priority access type before
the priority access type switching, selecting the access
request of the priority access type belore the priority access
type switching, and if the priority access type switching 1s
not i progress, selecting an access request of the priority
access type.

Further features of various embodiments will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example configuration of an infor-
mation processing system using a memory control circuit
according to the present exemplary embodiments.

FIG. 2 1s a tlowchart illustrating an example of processing,
of a priority status management unit according to a first
exemplary embodiment.

FIG. 3 1s a flowchart illustrating an example of processing,
of an access selection unit according to the first exemplary
embodiment.

FIG. 4 1llustrates an operation of a memory control circuit
according to the first exemplary embodiment.

FIG. 5 illustrates another operation of the memory control
circuit according to the first exemplary embodiment.

FIG. 6 illustrates still another operation of the memory
control circuit according to the first exemplary embodiment.

FIG. 7 1s a tlowchart illustrating an example of processing,
of a priority status management unit according to a second
exemplary embodiment.

FIG. 8 1s a flowchart illustrating an example of processing,
in step S704 1n FIG. 7.

FIG. 9 1s a flowchart illustrating another example of the
processing in step S704 1n FIG. 7.

FIG. 10 1s a flowchart 1llustrating still another example of
the processing 1n step S704 in FIG. 7.

DESCRIPTION OF TH

(L]

EMBODIMENTS

Exemplary embodiments of the present disclosure will be
described below with reference to the accompanying draw-
ngs.

FIG. 1 1s a block diagram illustrating an example con-
figuration of an information processing system (computer
system) using a memory control circuit according to an
exemplary embodiment. The information processing system
includes a memory control circuit 100, a processing unit
151, and a memory 152. The memory control circuit 100
receives an access request for the memory 152 1ssued by the
processing unit 151.

The memory control circuit 100 selects an arbitrary access
request from among received access requests and 1ssues a
command to the memory 152 based on the selected access
request. The processing unit 131 1s, for example, a calcula-
tion processing apparatus (processor), such as a central
processing unit (CPU), and issues an access request to the
memory 152. The memory 152, e¢.g., a dynamic random
access memory (DRAM), performs an operation in response
to an access request based on a command from the memory
control circuit 100. The memory 152 1s not limited to a
DRAM but may be other memory, such as a tlash memory.

The memory control circuit 100 includes an access stor-
age unmit 110, an active selection unit 121, a precharge
selection umt 122, a bank status management unit 123, a
priority status management unit 131, and an access selection
umt 132. The access storage unit 110 receives an access
request for the memory 152 1ssued by the processing unit
151 and stores the received access request. The access
storage unit 110 can store one or more received access
requests. An access request includes at least an access type
(read or write access) and an address, and 1s given an access
priority. Possible access types include not only Read and
Write but also Erase that 1s used, for example, by the NAND
FLASH® memory.

The active selection unmit 121 determines which access
request of access requests stored 1n the access storage unit
110 1s to be subjected to the activation of a bank of the
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memory 152 and then issues an active (ACT) command to
open the bank. The precharge selection unit 122 determines
which access request of access requests stored in the access
storage unit 110 to be subjected to the precharge of a bank
of the memory 152, and then 1ssues a precharge (PRE)
command to close the bank. The bank status management
unit 123 monaitors the issuance of an active command and a
precharge command and manages the status of each bank of
the memory 152.

The priority status management unit 131 determines
which of the two diflerent access types (read and write
access types) 1s to be the priority access type based on an
access request stored in the access storage unit 110 and a
bank status managed by the bank status management unit
123. The access selection unit 132 determines which access
request of access requests stored in the access storage unit
110 1s to be subjected to a read or write access based on the
priority access type, and 1ssues a read (RD) command or a
(WR) write command.

FI1G. 2 1s a flowchart illustrating an example of processing
performed by the priority status management unit 131 to
determine the priority access type. The priority status man-
agement unit 131 determines the priority access type accord-
ing to the flowchart illustrated 1n FIG. 2 1n each cycle. The
priority access type in the initial state 1s a read access.

In step S201, the priority status management unit 131
determines whether any access request is stored in the access
storage unit 110. I1 the priority status management unit 131
determines that no access request 1s stored in the access
storage unit 110 (NO 1n step S201), the processing proceeds
to step S202. In contrast, 1f the priority status management
unit 131 determines that an access request 1s stored 1n the
access storage unit 110 (YES 1n step S201), the processing
proceeds to step S203.

In step S202, the priority status management unit 131
stores the priority access type and determines that the
switching 1s not 1n progress. Then, the processing exits the
flowchart.

In step S203, the priority status management unit 131
determines whether the type of the access request with the
highest priority out of access requests stored 1n the access
storage unit 110 1s the same as the priority access type. If the
access request with the highest priority 1s present in both the
read and write access types, the priority status management
unit 131 determines that the type of the access request with
the highest priority 1s the same as the priority access type. I
the both the type of the access request with the highest
priority and the priority access type are the read access type
and 11 both the type of the access request with the highest
priority and the priority access type are the write access type,
the prionty status management unit 131 determines that the
type of the access request with the highest priority 1s the
same as the priority access type. In other cases, the priority
status management unit 131 determines that the type of the
access request with the highest prionity 1s different from the
priority access type. If the prionty status management unit
131 determines that the type of the access request with the
highest priority 1s the same as the priority access type (YES
in step S203), the processing proceeds to step S202. In
contrast, 1f the priority status management unit 131 deter-
mines that the type of the access request with the highest
priority 1s different from the priority access type (NO 1n step
S5203), the processing proceeds to step S204.

In step S204, the priority status management unit 131
compares the page miss time with the switching time and
determines whether the page miss time 1s longer than the
switching time. The page miss time refers to a time period
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4

betore the 1ssuance of a read command or a write command
for the access request with the highest priority out of access
requests stored 1n the access storage unit 110: the page miss
time 1s calculated based on the bank status managed by the
bank status management umt 123. If there 1s a plurality of
read or write commands for the access request with the
highest priority out of access requests stored in the access
storage unit 110, the priornity status management unit 131
targets the read command or write command with the
shortest page miss time. The switching time refers to a time
period required to switch the access type defined by the
specification of the memory 152 from the read access to the
write access or from the write access to the read access. If
the access request with the highest priority out of access
requests stored 1n the access storage unit 110 1s a read access,
the time period required to switch the access type from the
write access to the read access 1s referred to as the switching
time. I the access request with highest priority out of access
requests stored in the access storage unit 110 1s a write
access, the time period required to switch the access type
from the read access to the write access 1s referred to as the
switching time.

When the page miss time 1s longer than the switching
time, another write access can be executed before the
issuance of a read command for the access request with the
highest priority out of access requests stored 1n the access
storage unit 110. Likewise, when the page miss time 1s
longer than the switching time, another read access can be
executed before the 1ssuance of a write command for the
access request with the highest priority out of access
requests stored 1n the access storage unit 110. If the priority
status management umt 131 determines that the page miss
time 1s longer than the switching time (YES in step S204),
the processing therefor proceeds to step S205. In contrast, 1T
the priority status management unit 131 determines that the
page miss time 1s shorter than or equal to the switching time
(NO 1n step S204), the processing proceeds to step S206.

In step S2035, the priority status management umt 131
stores the priority access type and determines that the
switching 1s 1n progress. Then, the processing exits the
flowchart.

In step S206, the priority status management unit 131
switches the priority access type to the type of the access
request with the highest priority out of access requests stored
in the access storage unit 110, and determines that the
switching 1s not 1n progress. Then, the processing exits the
flowchart.

The priority status management unit 131 determines the
priority access type according to the flowchart illustrated in
FIG. 2 in each cycle. Even if the switching 1s determined to
be 1n progress in the preceding cycle, and i1 the type of the
access request with the highest priority out of access
requests stored 1n the access storage umt 110 1s the same as
the priority access type, the priority status management unit
131 therefore stores the priority access type and then deter-
mines, 1n step S202, that the switching 1s not 1n progress. In
this case, the priority status management unit 131 stops the
priority access type switching.

FIG. 3 1s a flowchart illustrating an example of processing
performed by the access selection unit 132 to determine the
access request to be executed. The access selection unit 132
determines the access request to be executed according to
the flowchart illustrated in FIG. 3 1n each cycle.

In step S301, the access selection umt 132 determines
whether the switching 1s in progress. The access selection
unit 132 can determine whether the switching 1s 1n progress
based on the flowchart illustrated 1n FIG. 2. If the access
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selection unit 132 determines that the switching 1s not 1n
progress (NO 1n step S301), the processing proceeds to step
S302. In contrast, 1f the access selection unit 132 determines
that the switching 1s 1n progress (YES 1n step S301), the
processing proceeds to step S304. d

In step S302, the access selection unit 132 determines
whether the access request of the priority access type 1s
present 1 access requests stored 1n the access storage unit
110. If the access selection unit 132 determines that no
access request of the priority access type 1s present (NO 1n
step S302), the processing proceeds to step S303. In step
S303, the access selection unit 132 does not execute the
access request. Then, the processing exits the flowchart. In
contrast, 1f the access selection unit 132 determines that the
access request of the priority access type 1s present (YES 1n
step S302), the processing proceeds to step S305.

In step S304, the access selection unit 132 determines
whether the access request of the priority access type after
the priority access type switching can be executed without a ¢
delay even if the access request of the priority access type 1s
executed. The access selection unit 132 firstly determines
whether the access request of the priority access type 1s
present 1n the access storage unit 110. If the access request
of the priority access type i1s present, the access selection 25
unit 132 determines, upon execution of the access request,
whether the access request of the priority access type after
the switching can be executed without an execution timing,
delay, based on the bank status managed by the bank status
management unit 123. If the access selection unit 132
determines that, even after the access request of the priority
access type 1s executed, the access request of the priority
access type after the switching can be executed without a
delay (YES 1n step S304), the processing proceeds to step
S305. In contrast, 1 the access selection unit 132 determines
that, after the access request of the priority access type 1s
executed, the access request of the priority access type after
the switching cannot be executed without a delay (NO in
step S304), the processing proceeds to step S303. 40

In step S305, the access selection unit 132 selects and
executes the access request of the priority access type out of
access requests stored in the access storage unit 110.

Operations of the memory control circuit 100 according to
the present exemplary embodiment will now be described 45
with reference to FIGS. 4 to 6. FIGS. 4 to 6 illustrate the
1ssuance of the following commands for two different banks
(Bank O and Bank 1) of the memory 152:

Active command (ACT command) (An)

Precharge command (PRE command) (Pn) 50

Read/write command (RD command/WR command) (Rn

and Wn)

Read with auto-precharge command (RDA command)

(RDAn)
Write with auto-precharge command (WRA command) 55
(WRAD),
where n denotes the access number.

FIG. 4 illustrates an example of an operation of the
memory control circuit 100. In this example, access requests
for read accesses 1 to 4 with a low priority are stored in the 60
access storage unit 110 1n the mnitial state, and thereafter, an
access request for a write access 5 with a high priority 1s
received. Table 1 illustrates the access number, bank num-
ber, access type, and priority for each access 1n this example.

In the 1n1tial state, the priority access type 1s a read access 65
401, and the active selection unit 121 has i1ssued an ACT
command 421 for an access 1.
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TABLE 1
Access No. Bank No. Access type Priority
1 Bank O Read Low
2 Bank 1 Read Low
3 Bank 1 Read Low
4 Bank 1 Read Low
5 Bank O Write High

Upon reception of an access request for the write access
5> with a high priority, the priority status management unit
131 determines the priority access type. The priority status
management unit 131 determines the priority access type
according to the flowchart illustrated 1n FIG. 2. In this
example, the priority status management umt 131 deter-
mines that the type of the access request with the highest
priority 1s different from the prionity access type. The
priority status management umt 131 further determines that
the page miss time 1s longer than the switching time and that
the switching 1s 1n progress. Subsequently, the priority status
management unit 131 determines the access request to be
executed by the access selection unit 132 according to the
flowchart 1llustrated 1n FIG. 3. In this example, the access 5
of the priority access type can be executed without an
execution timing delay after the priority access type switch-
ing. Even 1f an access 2 of the priority access type stored 1n
the access storage unit 110 1s executed 1n a state 412 where
the switching 1s 1n progress, the access 5 of the priority
access type can be executed without an execution timing
delay after the priority access type switching. Thus, a read
access ol the priority access type i1s executed. In this
example, the access selection unit 132 selects and executes

an access request 431 for the read access 2 of the priority
access type for Bank 1. Likewise, 1n the state 412 where the
switching is in progress, the access selection unit 132 selects
and executes access requests 432 and 433 for read accesses
3 and 4 of the priority access type for Bank 1.

When the page miss time becomes shorter than or equal
to the switching time as time advances, the priority status
management unit 131 determines that the state 412 where
the switching 1s in progress has changed to the state 413
where the switching 1s not 1n progress, and switches the
priority access type to a write access 402. Access 5 as the
access request with the highest priority out of access
requests stored in the access storage unit 110 1s a write
access. Thus, 1n order to execute the access request for the
write access 5, the precharge selection umit 122 issues a PRE
command 422 for Bank 0 when 1t can be 1ssued. The active
selection unit 121 1ssues an ACT command 423 when 1t can
be 1ssued. Thereafter, when the priority access type becomes
the write access 402 and the switching time has elapsed, the
access selection unit 132 selects and executes an access
request 424 for the write access S with the highest priority
out of access requests stored 1n the access storage unit 110.

As 1n this example, at the time of the priority access type
switching, the access request of the priority access type
cannot be executed after the switching because of a page
miss of the memory 152. However, the access request of the
priority access type may be executed before the switching.
In this example, access requests 431 to 433 can be executed.
In contrast, when there 1s no state where the switching is 1n
progress, and the access request of the priority access type
1s to be executed, the access requests 431 to 433 cannot be
executed. Thus, the present exemplary embodiment makes 1t
possible to suitably execute an access request for the
memory 152 and prevent performance degradation due to a
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page miss of the memory 152 to a further extent than a
conventional memory control circuit.

FIG. 5 illustrates another example of an operation of the
memory control circuit 100. In this example, access requests
for read accesses 1 to 3 with a low priority are stored in the
access storage unit 110 1n the mitial state, and then an access
request for a write access 4 with a high priority 1s recerved.
Table 2 1llustrates the access number, bank number, access
type, and priority for each access in this example. In the
initial state, the priority access type 1s a read access 501, and

the access selection unit 132 has 1ssued an RDA command
521 for the access 1.

TABLE 2
Access No. Bank No. Access type Priority
1 Bank O Read Low
2 Bank 1 Read Low
3 Bank 1 Read Low
4 Bank O Write High

Upon reception of an access request for the write access
4 with a high priority, the priority status management unit
131 determines the priority access type. The priority status
management unit 131 then determines the priority access
type according to the flowchart illustrated m FIG. 2. In this
example, the priority status management unit 131 deter-
mines that the type of the access request with the highest
priority 1s different from the priority access type. The
priority status management unit 131 further determines that
the page miss time 1s longer than the switching time, and
determines that the switching i1s 1n progress. Subsequently,
the priority status management unit 131 determines the
access request to be executed by the access selection unit
132 according to the flowchart illustrated in FIG. 3. In thas
example, the access 4 of the priornity access type can be
executed without an execution timing delay after the priority
access type switching. Even when the access 2 of the priority
access type stored 1n the access storage unit 110 1s executed
in a state 512 where the switching 1s 1n progress, the access
4 of the priority access type can be executed without an
execution timing delay after the priority access type switch-
ing. Thus, the read access of the priority access type 1s
executed. In this example, the access selection unit 132
selects and executes an access request 531 for the read
access 2 of the priority access type for Bank 1. Likewise, 1n
the state 512 where the switching 1s 1n progress, the access
selection unit 132 selects and executes an access request 332
for a read access 3 of the priority access type for Bank 1.

When the page miss time becomes shorter than or equal
to the switching time as time advances, the priority status
management unit 131 determines that the state 512 where
the switching 1s 1n progress has changed to the state 513
where the switching 1s not 1n progress, and switches the
priority access type to a write access 502. Access 4 as the
access request with the highest priority out of access
requests stored in the access storage unit 110 1s a write
access. Thus, 1n order to execute the access request for the
write access 4, the active selection unit 121 1ssues an ACT
command 522 for Bank 0 when 1t can be 1ssued. Thereafter,
when the priority access type becomes a write access 502
and the switching time has elapsed, the access selection unit
132 selects and executes an access request 523 for the write
access 4 with the highest priority out of access requests
stored 1n the access storage unit 110.

As 1n this example, at the time of the priority access type
switching, the access request of the priority access type
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cannot be executed after the switching because of a page
miss of the memory 152. However, the access request of the
priority access type may be executed before the switching.
In this example, the access requests 531 and 532 can be
executed. In contrast, when there 1s no state where the
switching 1s in progress, and the access request of the
priority access type 1s to be executed, the access requests
531 and 532 cannot be executed. Thus, the present exems-
plary embodiment makes 1t possible to suitably execute an
access request for the memory 152 and prevent performance
degradation due to a page miss of the memory 152 to a
further extent than the conventional memory control circuit.

FIG. 6 1llustrates another example of an operation of the
memory control circuit 100. In this example, access requests
for the write accesses 1 to 3 with a low priority are stored 1n
the access storage unit 110 1n the imitial state, and then an
access request for the read access 4 with a high prionty 1s
received. Table 3 1illustrates the access number, bank num-
ber, access type, and priority for each access 1n this example.

In the 1nitial state, the priority access type 1s a write access
601, and the access selection unit 132 has 1ssued a WRA
command 621 for the access 1.

TABLE 3
Access No. Bank No. Access type Priority
1 Bank O Write Low
2 Bank 1 Write Low
3 Bank 1 Write Low
4 Bank O Read High

Upon reception of an access request for the read access 4
with a high prionity, the priority status management unit 131
determines the priority access type. The priority status
management umt 131 determines the priority access type
according to the flowchart illustrated in FIG. 2. In this
example, the priority status management umt 131 deter-
mines that the type of the access request with the highest
priority 1s different from the prionity access type. The
priority status management umt 131 further determines that
the page miss time 1s longer than the switching time and that
the switching 1s 1n progress. Subsequently, the priority status
management unit 131 determines the access request to be
executed by the access selection unit 132 according to the
flowchart 1llustrated 1n FIG. 3. In this example, the access 4
of the priority access type can be executed without an
execution timing delay after the priority access type switch-
ing. Even when the access 2 of the priority access type stored
in the access storage unit 110 1s executed 1n a state 612
where the switching 1s 1 progress, the access 4 of the
priority access type can be executed without an execution
timing delay after the switching. Thus, the write access of
the priority access type 1s executed. In this example, the
access selection unit 132 selects and executes an access
request 631 for the write access 2 of the priority access type
for Bank 1. Likewise, 1n the state 612 where the switching
1s 1n progress, the access selection unmit 132 selects and
executes an access request 632 for a write access 3 of the
priority access type for Bank 1.

When the page miss time becomes shorter than or equal
to the switching time as time advances, the priority status
management unit 131 determines that the state 612 where
the switching 1s 1n progress has changed to the state 613
where the switching 1s not 1n progress, and switches the
priority access type to a read access 602. Access 4 as the
access request with the highest priority out of access
requests stored 1n the access storage unit 110 1s a read access.
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Thus, 1n order to execute the access request for the access 4,
the active selection unit 121 1ssues an ACT command 622
for Bank 0 when 1t can be 1ssued. Thereafter, when the
priority access type becomes the read access 602 and the
switching time has elapsed, the access selection unit 132
selects and executes an access request 623 for the access 4
with the highest priority out of access requests stored in the
access storage unit 110.

As 1n this example, at the time of the priority access type
switching, the access request of the priority access type
cannot be executed after the switching because of a page
miss of the memory 152. However, the access request of the
priority access type may be executed before the switching.
In this example, the accesses 631 and 632 can be executed.
In contrast, when there 1s no state where the switching 1s 1n
progress, and the access request of the priority access type
1s to be executed, the access requests 631 and 632 cannot be
executed. Therefore, the present exemplary embodiment
makes 1t possible to suitably execute an access request for
the memory 152 and prevent performance degradation due
to a page miss of the memory 152 to a further extent than the
conventional memory control circuit.

A second exemplary embodiment (described below) dif-
ters from the first exemplary embodiment in the processing
performed by the priority status management unit 131 to
determine the priority access type, and 1s similar to the first
exemplary embodiment 1n other processing. The processing
for determining the priority access type performed by the
priority status management unit 131 according to a second
exemplary embodiment will be described below. FIG. 7 15 a
flowchart illustrating an example of processing performed
by the priornty status management unit 131 to determine the
priority access type according to the second exemplary
embodiment. The priority status management umt 131 deter-
mines the priority access type according to the flowchart
illustrated 1n FIG. 7 1n each cycle.

In step S701, the priority status management unit 131
determines whether any access request 1s stored 1n the access
storage unit 110. If the priority status management unit 131
determines that no access request 1s stored in the access
storage unit 110 (NO 1n step S701), the processing proceeds
to step S702. In contrast, 1f the priority status management
unit 131 determines that an access request 1s stored in the
access storage unit 110 (YES 1n step S701), the processing
proceeds to step S703.

In step S702, the priority status management unit 131
stores the priority access type and determines that the
switching 1s not 1n progress. Then, the processing exits the
flowchart.

In step S703, similarly to step S203 illustrated 1n FIG. 2,
the priority status management unit 131 determines whether
the type of the access request with the highest priority out of
access requests stored in the access storage unit 110 1s the
same as the priority access type. If the priority status
management unit 131 determines that the type of the access
request with the highest priority 1s the same as the priority
access type (YES 1n step S703), the processing proceeds to
step S704. In contrast, 1f the prionty status management unit
131 determines that the type of the access request with the
highest priority 1s different from the priority access type (NO
in step S703), the processing proceeds to step S705.

In step S704, the priority status management unit 131
determines whether to perform the priority access type
switching even 1f the type of the access request with the
highest priority out of access requests stored in the access
storage unit 110 1s the same as the priority access type. If the
priority status management unit 131 determines to perform
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the priority access type switching (YES 1n step S704), the
processing proceeds to step S705. In contrast, 1f the priority
status management unit 131 determines not to perform the
priority access type switching (NO 1n step S704), the pro-
cessing proceeds to step S702.

In step S705, similarly to step S204 illustrated 1n FIG. 2,
the priority status management unit 131 compares the page
miss time with the switching time to determine whether the
page miss time 1s longer than the switching time. If the
priority status management umt 131 determines that the
page miss time 1s longer than the switching time (YES in
step S705), the processing proceeds to step S706. In con-
trast, 1f the priority status management unit 131 determines
that the page miss time 1s shorter than or equal to the
switching time (NO 1n step S705), the processing proceeds
to step S707.

In step S706, the priority status management umt 131
stores the priority access type and determines that the

switching 1s 1n progress. Then, the processing exits the
flowchart.

In step S707, the priority the priority status management
unmit 131 switches the priority access type to the type of the
access request with the highest priority out of access
requests stored in the access storage unit 110, and deter-
mines that the switching i1s not in progress. Then, the
processing exits the flowchart.

FIG. 8 1s a flowchart illustrating an example of the
processing in step S704 illustrated 1n FIG. 7.

In step S801, the priority status management umt 131
determines whether the access request with the highest
priority out of access requests stored 1n the access storage
unmit 110 1s present in both the read and write access types.
If the prionty status management unit 131 determines that
the access request with the highest priority 1s present in
cither one of the read and write access types (NO 1n step
S801), the processing proceeds to step S802. In contrast, 1f
the access request with the highest priority 1s present in both
read and write access types (YES 1n step S801), the pro-
cessing proceeds to step S803.

In step S802, the priority status management unit 131
determines not to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

In step S803, the priority status management umt 131
determines whether the page miss time on the access request
of the priority access type 1s longer than the page miss time
on an access request of a non-priority access type. If there
1s a plurality of read or write commands of the access request
with the highest priority out of access requests stored 1n the
access storage unit 110, the priority status management unit
131 subjects these read or write commands with the shortest
page miss time to the comparison. If the page miss time on
the access request of the priority access type 1s longer than
the page miss time on an access request of a non-priority
access type, the access request can be executed earlier by
performing the priority access type switching. If the priority
status management unit 131 determines that the page miss
time on the access request of the priority access type 1s
longer than the page miss time on an access request of a
non-priority access type (YES 1n step S803), the processing
proceeds to step S804. In contrast, 1if the priority status
management unit 131 determines that the page miss time on
the access request of the priority access type 1s shorter than
or equal to the page miss time on an access request of a
non-priority access type (NO 1n step S803), the processing
proceeds to step S802.
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In step S804, the priority status management unit 131
determines to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

As described above, 11 the access request with the highest
priority out of access requests stored 1n the access storage
unit 110 1s present in both the read and write access types,
the priority status management unit 131 determines to
perform the priority access type switching based on the page
miss time for each access. I1 the page miss time on the access
request of the priority access type 1s longer than the page
miss time on an access request of a non-priority access type,
the priority status management umit 131 performs the pri-
ority access type switching. Thus, performance degradation
due to a page miss of the memory 152 can be prevented to
a further extent than the conventional memory control
circuit.

FIG. 9 1s a flowchart illustrating another example of the
processing 1n step S704 1n FIG. 7.

In this example, the priority status management unit 131
includes a counter for the number of transiers. The count
value of the counter for the number of transiers 1s mitialized
to 0 at the time of the priority access type switching. Each
time the access selection unit 132 selects and executes the
access request of the priority access type, the count value 1s
incremented by one. Similarly to the number of transfers, the
priority status management unit 131 includes a counter for
the transier amount and a counter for the number of transier
cycles. The count value of the counter for the transfer
amount 1s 1itialized to O at the time of the priority access
type switching. Each time the access selection unit 132
selects and executes the access request of the priority access
type, an ellective transfer amount 1s added to the count
value. The count value of the counter for the number of
transier cycles 1s 1nitialized to O at the time of the priority
access type switching. Fach time the access selection unit
132 selects and executes the access request of the priority
access type, the number of transier cycles 1s added to the
count value.

In step S901, the priority status management unit 131
determines whether the access request with the highest
priority out of access requests stored in the access storage
unit 110 1s present in both the read access type and the write
access type. I the prionty status management unit 131
determines that the access request with the highest priority
1s present 1n either one of the read and write access types
(NO 1n step S901), the processing proceeds to step S902. In
contrast, if the access request with the highest prionty is
present 1n both read and write access types (YES 1n step
S901), the processing proceeds to step S903.

In step S902, the priority status management unit 131
determines not to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

In step S903, the priority status management unit 131
determines whether any one of the number of transfers, the
transfer amount, and the number of transfer cycles after the
priority access type switchung 1s larger than or equal to
respective threshold values. If any one of the counters for the
number of transiers, the transter amount, and the number of
transier cycles 1s larger than or equal to respective threshold
values, the delay time 1n transierring an access request of a
non-priority access type may possibly have increased. If the
priority status management unit 131 determines that any one
of the number of transfers, the transter amount, and the
number of transfer cycles after the priority access type
switching 1s larger than or equal to respective threshold
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values (YES 1n step S903), the processing proceeds to step
S904. In contrast, 11 the priority status management unit 131
determines that all of the number of transfers, the transter
amount, and the number of transfer cycles atter the priority
access type switching are smaller than respective threshold
values (NO 1n step S903), the processing proceeds to step
S902.

In step S904, the priority status management umt 131
determines to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

Although, 1 the above-described example, the priority
status management unit 131 1s provided with a counter for
the number of transfers, a counter for the transfer amount,
and a counter for the number of transier cycles, not all of
these counters are required and at least one of these counters
may be provided.

As described above, 11 the access request with the highest
priority out ol access requests stored 1n the access storage
umt 110 1s present in both the read and write access types,
the priority status management unit 131 determines to
perform the priority access type switching based on the
number of transiers, the transfer amount, and the number of
transier cycles. If any one of the number of transiers, the
transier amount, and the number of transier cycles atfter the
switching 1s larger than or equal to respective threshold
values, the priority status management unit 131 performs the
priority access type switching. Thus, the present exemplary
embodiment enables preventing an access delay by not
performing the priority access type switching, to a further
extent than the conventional memory control circuit.

FIG. 10 1s a flowchart illustrating another example of the
processing 1n step S704 1n FIG. 7.

In this example, the priority status management unit 131
1s provided with a counter for the number of elapsed cycles.
The count value of the counter for the number of elapsed
cycles 1s in1tialized to O at the time of the priority access type
switching. Each time one cycle 1s elapsed, the count value 1s
incremented by one.

In step S1001, the prionty status management unit 131
determines whether the access request with the highest
priority out of access requests stored in the access storage
umt 110 1s present 1n both the read and write access types.
If the prionty status management unit 131 determines that
the access request with the highest priority 1s present in
cither one of the read and write access types (NO 1n step
S1001), the processing proceeds to step S1002. In contrast,
il the priority status management unit 131 determines that
the access request with the highest priority 1s present in both
read and write access types (YES in step S1001), the
processing proceeds to step S1003.

In step S1002, the prionty status management unit 131
determines not to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

In step S1003, the prionty status management unit 131
determines whether the elapsed time after the priority access
type switching 1s larger than or equal to a threshold value
based on the count value of the counter for the number of
clapsed cycles. In this case, the time period for one cycle 1s
constant, and the number of elapsed cycles represents the
clapsed time. If the number of elapsed cycles 1s larger than
or equal to the threshold value, the delay time 1n transferring
an access request of a non-priority access type may possibly
have increased. If the priority status management umt 131
determines that the elapsed time after the priority access
type switching 1s larger than or equal to the threshold value
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(YES 1n step S1003), the processing proceeds to step S1004.
In contrast, 1f the prionity status management unit 131
determines that the elapsed time after the priority access
type switching 1s smaller than the threshold value (NO in
step S1003), the processing proceeds to step S1002.

In step S1004, the priority status management unit 131
determines to perform the priority access type switching.
Then, the processing returns to the flowchart illustrated 1n
FIG. 7.

As described above, 11 the access request with the highest
priority out of access requests stored 1n the access storage
unit 110 1s present in both the read and write access types,
the priority status management unit 131 determines to
perform the priority access type switching based on the
clapsed time after the switchung. If the elapsed time after the
switching 1s larger than or equal to the threshold value, the
priority status management unit 131 performs the priority
access type switching. Thus, the present exemplary embodi-
ment enables preventing an access delay by not performing,
the priority access type switching, to a further extent than the
conventional memory control circuit.

The examples illustrated in FIGS. 8 to 10 may be suitably
combined.

In step S304 1n FIG. 3, the access selection unit 132
determines, upon execution of the access request of the
priority access type, whether the access request of the
priority access type aiter the switching can be executed
without an execution timing delay, based on the bank status
managed by the bank status management unit 123. The
determination 1s not limited thereto, and the following
determination may be performed.

In one example, the access selection unit 132 determines
whether the access request of the priority access type does
not require the 1ssuance of an ACT command, based on the
bank status managed by the bank status management unit
123. It the 1ssuance of an ACT command 1s not necessary
and the access request of the priority access type can be
executed without a delay after the priority access type
switching, the access selection unit 132 selects and executes
the access request of the priority access type.

In other cases, the access selection unit 132 does not
execute the access request. If the i1ssuance of an ACT
command 1s necessary, a PRE command or an ACT com-
mand may be delayed by the 1ssuance of the ACT command
in executing the access request of the priority access type
alter the priority access type switching. Thus, by determin-
ing that the issuance of an ACT command 1s not necessary,
the access selection umt 132 can easily determine whether
the access request of the priority access type can be executed
without a delay after the priority access type switching.
Thus, performance degradation due to a page miss of the
memory 152 can be prevented to a further extent than the
conventional memory control circuit.

As another example, the access selection unit 132 deter-
mines whether the bank for the access request of the priority
access type 1s the same as the bank for the access request of
the prionity access type after the switching, based on the
bank status managed by the bank status management unit
123. If the two banks are not the same, and the access request
of the priornity access type can be executed without a delay
alter the priority access type switching, the access selection
unit 132 selects and executes the access request of the
priority access type. In other cases, the access selection unit
132 does not execute the access request. If the two banks are
the same, a PRE command or an ACT command may be
delayed 1n executing the access request of the priority access
type after the priority access type switching. Thus, by

10

15

20

25

30

35

40

45

50

55

60

65

14

determining that the two banks are not the same, the access
selection unit 132 can easily determine whether the access
request of the priority access type can be executed without
a delay after the prionty access type switching. Thus,
performance degradation due to a page miss of the memory
152 can be prevented to a further extent than the conven-
tional memory control circuit.

As still another example, the access selection unit 132
determines whether the bank for the access request of the
priority access type 1s to be refreshed, based on the bank
status managed by the bank status management umt 123. If
the bank for the access request of the priority access type 1s
not to be refreshed, and the access request of the priority
access type can be executed without a delay after the priority
access type switching, the access selection unit 132 selects
and executes the access request of the priority access type.
In other cases, the access selection unit 132 does not execute
the access request. If the bank for the access request of the
priority access type 1s to be refreshed, a PRE command or
an ACT command may be delayed 1n executing the access
request of the priority access type alter the priority access
type switching. Thus, by determining that the bank for the
access request of the priority access type 1s not to be
refreshed, the access selection umit 132 can easily determine
whether the access request of the priority access type can be
executed without a delay after the priority access type
switching. Thus, performance degradation due to a page
miss of the memory 152 can be prevented to a further extent
than the conventional memory control circuit.

Some embodiments can also be achieved when a program
for implementing at least one of the functions according to
the above-described exemplary embodiments 1s supplied to
a system or apparatus via a network or storage medium, and
at least one processor in a computer of the system or
apparatus reads and executes the program. Further, some
embodiments can also be achieved by a circuit (e.g., an
application specific integrated circuit (ASIC)) for imple-
menting at least one function.

The above-described exemplary embodiments are to be
merely considered as illustrative in embodying the present
disclosure, and are not to be interpreted as restrictive of the
technical scope of the present disclosure. The present dis-
closure may be embodied 1n diverse forms without departing
from the technical concepts or essential characteristics
thereof.

The present disclosure makes 1t possible, at the time of the
priority access type switching, to suitably execute an access
request for a memory, thus preventing performance degra-
dation of the memory.

While the present disclosure has described exemplary
embodiments, it 1s to be understood that some embodiments
are not limited to the disclosed exemplary embodiments.
The scope of the following claims 1s to be accorded the
broadest interpretation so as to encompass all such modifi-
cations and equivalent structures and functions.

This application claims priority to Japanese Patent Appli-
cation No. 2021-068311, which was filed on Apr. 14, 2021
and which 1s hereby incorporated by reference herein 1n 1ts
entirety.

What 1s claimed 1s:

1. A memory control circuit comprising:

a storage umt configured to store at least one access

request for a memory;

a {irst status management unit configured to, based on
access requests stored in the storage unit, perform
priority access type switching between two access
types obtained by classifying the access requests; and
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an access selection unit configured to select and execute

an access request stored 1n the storage unit,

wherein the access selection unit performs:

if the priority access type switching 1s in progress and
there 1s time for executing an access request of a
priority access type before the priority access type
switching, selecting the access request of the priority
access type before the priornity access type switching,
and

if the priority access type switching 1s not in progress,
selecting an access request ol the priority access
type.

2. The memory control circuit according to claim 1,
wherein the two access types obtained by classifying the
access requests are an access request of a read access and an
access request of a write access.

3. The memory control circuit according to claim 1,
turther comprising a second status management unit con-
figured to manage a status of each bank of the memory,
wherein, when the priority access type switching 1s in
progress and the access selection unit determines, upon
execution of the access request of the priority access type
before the priority access type switching, that the access
request of the priority access type after the priority access
type switching can be executed without a delay, based on a
bank status managed by the second status management unit,
the access selection unit selects the access request of the
priority access type belfore the priority access type switch-
ng.

4. The memory control circuit according to claim 1,
turther comprising a second status management unit con-
figured to manage a status of each bank of the memory,
wherein, at the time of the priority access type switching,
when a time period before an 1ssuance of a command of the
access request of the prionity access type aiter the priority
access type switching, calculated based on a bank status
managed by the second status management unit, 1s longer
than a time period required to switch from an access type of
the access request of the priority access type before the
priority access type switching to an access type of the access
request of the priority access type after the priority access
type switching, the first status management unit determines
that the priority access type switching 1s 1n progress.

5. The memory control circuit according to claim 3,
turther comprising;:

an active selection unit configured to, in selecting and

executing an access request stored 1n the storage unit,
1ssue an active command for opening a bank according
to the access request, based on the bank status managed
by the second status management unit; and

a precharge selection unit configured to 1ssue a precharge

command for closing a bank according to the access
request.

6. The memory control circuit according to claim 1,
wherein the access request 1s given a priority, and
wherein, when the priority access type 1s different from

the type of the access request with the highest priority

out of the access requests stored 1n the storage unit, the
first status management unit performs the priority
access type switching.

7. The memory control circuit according to claim 6,
wherein, when the storage unit stores access requests, and a
time period before 1ssuing a command of the access request
of the prionity access type 1s longer than a time period before
issuing a command ol an access request of a non-priority
access type, the first status management unit performs the
priority access type switching.
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8. The memory control circuit according to claim 6,
wherein, when either one of a number of transiers, a transier
amount, and a number of transfer cycles after the priority
access type switching 1s larger than or equal to respective
threshold values, the first status management unit performs
the priority access type switching.

9. The memory control circuit according to claim 6,
wherein, when an elapsed time aifter the priority access type
switching 1s larger than or equal to a threshold value, the first
status management umt performs the priority access type
switching.

10. The memory control circuit according to claim 3,
wherein, when the priority access type switching 1s in
progress and an 1ssuance of an active command 1s not
necessary based on the bank status managed by the second
status management unit, the access selection unit selects the
access request of the priority access type before the priority
access type switching.

11. The memory control circuit according to claim 3,
wherein, when the priority access type switching 1s in
progress and the bank for the access request of the priority
access type 1s different from the bank for the access request
of the priority access type after the priority access type
switching, based on the bank status managed by the second
status management unit, the access selection unit selects the
access request of the priority access type before the priority
access type switching.

12. The memory control circuit according to claim 3,
wherein, when the priority access type switching 1s in
progress and the bank for the access request of the priority
access type 1s not to be refreshed, based on the bank status
managed by the second status management unit, the access
selection unit selects the access request of the priority access
type before the priority access type switching.

13. The memory control circuit according to claim 1,
wherein, when the priornity access type switching 1s in
progress and a type of the access request with a highest
priority out of the access requests stored in the storage unit
1s different from the priority access type after the priority
access type switching, the first status management unit stops
the priority access type switching.

14. An information processing system comprising;:

a processing unit configured to 1ssue an access request to

a memory; and

a memory control circuit comprising;

a storage unit configured to store at least one access
request for the memory;

a status management unit configured to, based on
access requests stored in the storage umt, perform
priority access type switching between two access
types obtained by classifying the access requests;
and

an access selection unit configured to select and
execute an access request stored 1n the storage unit,

wherein the access selection unit performs:

i the priority access type switching 1s 1n progress, and
there 1s time for executing an access request of a
priority access type belore the priority access type
switching, selecting the access request of the priority
access type before the prionity access type switching,
and

if the priority access type switching 1s not in progress,
selecting an access request ol the priority access
type,

wherein the memory 1s configured to perform operation

based on the access request from the memory control

circuit.
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15. A memory control method comprising;:

storing at least one access request for a memory 1n a
storage unit;

performing status management, based on access requests
stored 1n the storage unit, for performing priority access
type switching between two access types obtained by
classitying the access requests; and

selecting and executing an access request stored in the
storage unit,

wherein, in the selecting and executing the access request,

if the priority access type switching is 1n progress and
there 1s time for executing an access request of a
priority access type before the priority access type
switching, the access request of the priority access type
betore the priority access type switching 1s selected,
and

if the priority access type switching 1s not 1n progress, an
access request of the priority access type 1s selected.

G e x Gx ex
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